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INFLUENZAE 

Th* ^i^srtis^t i tvss^t^o i_ s .inc.. tt ^urSafe eyvroi^ 

^vdli proteins t-avc rk.~ri ^ciatcd a a cr c^ntr-i v*ui* t>t 
10 est rws dec^cs**!?, cn&rc; ^tvnsfc-d of t *3s> iu 

csp^C^tv O t p-oui-r 1 A j-n^O -w* T^n iiii.KH'. aic '"ven. 

nar, 0.1^ ^etxt*!? l v t tlf »ur<Ur-o J irte^ to >i.av>t 

15 IjG -vbai^-*?- i. N ani -i. > *M l tfs kMi i lasses ~i 

(<■ f h ^ ^ x ha^c be& \ sho* to t^rccJ tc n^^ r 11 & ioau- 
tiv'ity tl>«sv- j^eet^ ^e^it^^^ the ** i r atrve Ic Li« 1"*x 
^hic** ie ne^ttee by Ptb rt^cnits amS o> c^es zed bj <- 
■vsnsble occjrreiee ^ r c^^rLie t Ig classes 

20 5?rotea T G cec-' p 0 s^rf-itccrcca ban * &1 ,ci 

rr^l l t jG t^rt fLi 'til £ * i> * m ' " "G no^fsci'^p itt r^"*" 
t airily resspc^a^fe \Lt .h: * it.ijutim v?itJr ^r^t^T* i 

25 tab iraonc its Ztf* l<& ar^ v j ^ hox-evo „ sh>j« x birjxn. 
to orrte: i 0 E th pretax * K r^t^ir ^ jc-i^^tc 5 

riv-v g>t)p«x^a^±o e: for ^.tmu ^ cslo^ a.ji i»up&iatio' - f 1 tec- 
vxo, 1 ^02 oot, TP n 4 »l B7 r,5t^: t 0 r 

30 C ii" atT^^rs cf "roup *i "tr^'^ocxci sr«L c" 1 \ 

>* 'OvWi fiQdUOC St IQ^-J^ Lit tLll V.^l-'h h^S ICO 

pi ^ti u fio^a ]hi Ik. i ~i l i ircT gio^p *\ 

35 a d i^ j j fe. lii^t^u ^: loVan^rp jvt tuii*^ 

t-^ve d cn 3. s ol^ted ■« r r p a . n r^o^ ? «j*-rsr>" - 



WO 91/189241 



croup A streptococci has been named protein Arp, Certain 
strains of the anaerobic, bacterium Clostridium p&rf ringem?; 
preferentially hind but also IgA and IqG, This bindino 

is due to a cslS surface protssn (protein P!, Recently e 
S bacterial protein, prot£>if s :., with u^iQue bind tug 5,»r,op©r- 
to.es for L-eft&in*? was isol^itfsd ±ro?» r^ptococcus ia&fjn«&. 
Protein L has been shown to bind XyG, SgX and IgM frora 
husp&n. and several piafismallan species. Among 9 rem -negative 
bacteria, Ig receptor.* hsv« been reported araong veterinary 

IS pathogens. Brucella abortus bines bavin© igH and TayloreL- 
ia esQuigeni talis, a venerea 1 pathogen of horses, hinds? 
squine Recently csereophi 1 u^ soffenus was reported to 

fcxasd bovine £gS, 

ft. decade ago Haemophilus influ&r>ai&& and t4orastella 

.15 (BranhaGi-ella) catarrhal is were shown to have b high biisu- 
capacity for human igo {Forsgren A, and Grubb h, J. 
Immunol. 122; 1«6S, 197$}. 

-The present invention describes the solubilization 
and purification of s H . snf luan^aa surface protein res- 

20 ponsibla for the interaction with igr>> it also describes 
the cloning, expression and nucleotide sequence of tne 
igD-bindang, protein qsjics of thn H, influenzae jj* £sch&- 
rich is coll. In addition it: descrsbss the ln~binding 
properties of this taolsculfi!. protein D, vnich were 

25 Sosiftd to be dj.f£si«snt oo^par-a'i wita previously isolated 
I g -biasing proteins. Protean D i*as found only to interact 
with IgD and not with other huiaan iihasunoglobulin classes. 
Thus,, protean D could be an important tool for studies, 
separation and detection of I9D in a way similar to the 

30 way in vhich protein & and protein G previously hi?ve been 
bsed for IgQ, Protein ^ could al$--c be a valuable; tooi 
slonek and s.n csrcbinatifjn vith oth&i s&oiecules ( f cr ex&srcpU- 
proteins and poaysacch&j: j^s } in Uu& stXEiulatJion. of the 
ijsucyne sys tests through an interaction with E- lymphocytes. 

35 Psctein D is not identical with any previously described 
protein frotsi H, influenzae. 
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nthtr^s* ^ j-oijm>i h^cn p^^xU a< 1 -is j i it, 
-h. vr o ir* ~ -^hl t,uxi^5 c* th» ~p sls^ i ~\ * 

t^. ^ cisti. ig^^^ an^s tmo bRtirP r ^ . \£1 j^t 7rr 
S i ^ -*hctne.r c- uu" Xli^ ait erccps« o <k it CL-^r^f 1 * 

>iti. an& ot rr iw us -rtectx-in- ~^lc-i^\ m - 
\L t i>> i- tjijj*. t =£3 it*-to_ * x e„. 

10 nf^tin -n V^lth' ch_latui sic! e*^ It tit cic i 
i?.t <i en c-u^ xif <—5-«^ _^ cn lr»e>~ ^ > v.c 

irn 1 c*3Ui>t o. s.i-usit * * oot ^ - * ^ _ "v ^ 

^^i j ^ii iniluCtii at. ars. ■ i V L~~d ~< - " 

j j^\TtkOi x * i^nt- h ^ r t* fJ - -< =* * 

IS chronic bronchitis antf h&vs recently been rscogriised ®v -a 
important: c^use of pneumonia, 

A vaccina composed of purified type b capsular poly- 
saccharide has proven Effective against H. influence typ 
to disease in children of 2 to S years of age. However, 

20 s£nc« childfsj.fi atvSsr two ys&rs of sgs- rsspond poorly to 
t;-^?. vaccine, conjugate vaccines with enhanced i^ynogan.i. 
city havs g*v>fs d^v^lop&d by coval-arvtly borsdifsy tho cap- 
sv:!*! polysaccharide to csrt&in, proteins. However, tb& 
polysaccharide vaccines, pen- conjugated end cvrijugat&d > 

25 are of no value against nonrypshle H, influenzae dis&ase. 
Keftce;, ether c«ll surface easft&onwits and in particular 
c\;ter stses3bran& protolns {0Ws5 hav-s. been looked at ss 
potential vaccine candidates both, against type b and 
nonrypabifc H. influenzae, i EP 0 2Bi &73, EP 0 320 23*,; 

30 Thea c^ter JSi^bTene of H. i^iluerixso 1 s typi.C&l of 

g> negative bacteria ana cons^sxc: of phospholipid . 
J ipcp^:iywADCh£trlde (t?Sl, and ab:::ut 2 4 protein. Fp^t 
dk£rereht Haemophilus GMPs h<av^ b®^^ shown to tesrgfo^s 
for antibodies protective asam&t ■s^periin-ental Hasraophslw 

3S disease. These inciuos the Fl heat-raoditiab^o to a j or outei: 
ir-e:!^brsne protein, the P2 porin protein, tte pf, 1 i pop rote i 
ar<d c surface; protein wit^. an appsr^nr ^"iecaUr weight o 
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C J,OCO t 9C K pr^te^u;, Of these <*t leas.! a tib-)diir^ t~ 
" ve beei ^hxwn nc~ r<? protect cqc«.r,*>t rr^Utnq-- vitr 
n^er-il^ncusr Haemophilus .nra;ns-. (Iom, H, F. Infect 
;Ttu;u t>t> 2^?, M«r*sevi Jr f 5. et a* J. 

S I-iverv ;-tt'' ! , 19^3, Mur^CT Jt F 3* ? ivs ^Bnc"' P !" 
miss^t. lijxiviun. 45 544, 1-3SL> &?id ICia us. & r A- ^1 Ii>*<_wt 
lMtmm . 194: 495 1 1985 i ,. 

Analyse* ui Jioiityt-^Llw H. 5-lug.*.^»f ,uf ^ ' v « H n ^^L i *t 
tLU<st:t! are msrtesd dAifercaiC^ " in O^r &cvapC3s.iti~ri otji u 

10 sf* "*5S ^^cw f*vrpt"Y est al . "A subtyp-ire; ^ste^ ~* 

r t::t:vpar>..-£ rf&esrcp ^ lus arsf iu*.r*.ae cess.d on Ov^er r^ir?^ 
r r^te-£W . Intent K\R3f St»«rt»5*karp »t 

1 svn busies piot^ar Sno cicf-yr- r ir,=i^^,3 of pitrc\;<~n 

i % yjvM - Hae^Ophs, 1 jaflye^ac" Infect I'su^..* 

1.5 1Q83^. 

if a surface exprj^'- smmcsi I ym^i^^^ s. - 

tr^nbsrved xi- till strains 4t K. -.ri-i\i«nsr.e c^ylc be tO'.jiC 

t -wcssld an Important _uol xrs dsrv^losirg ^ netlu J ;t 
identifying H. influenzae m 2l^.r-al "^wi^erv as v>v*l 
20 e v iccine ^£?&a ^* influenza® , Tt>s pr&sent. iisvt:r>L\:, t 
^ho T v,^ th&x i t witt' >n Ki^ritxca' apparent, rued ecu"; => 

we-Cr^t i 42 000 > , reset a nc ^ath Three d^ffcrerst noaor.pn^ 
^ii'ihi^i^ ^"3 I s T-yH, ^as f-ouv-A ui all II l ^ \^tlue 

p trains iesK- so^uiat*^ nonen^dp^ulst^c J stuai^uJ. 
25 w^lX as It. t s'c olh^r r&ist^d H^e^op^ilus ^vc^s *VTe-V 

Thus: accord t* g to th® im&i i icn Uldio i-,* j r>. v_d*\"* 
.-vrfaTC es^-i«:ea r~oteir , wnich is co>&et\odi _t aanv 
-trr-tn^ -ru p .ii^ ir.f iuf.-szaP c- icCar^d M?<2to b .h 

5, , ,sr't?.K ai^twr^lJ^ t icjuv^ or ^rtit ics.a ,1^ ncdif.C!^ 
veriar^s Ot S^iO protein, and also iTmiitc^r^-Us^ ->r - 
bi.vJj.sy port it uis 3t bjiid pto^feiii c^nd var»>j' t?. in^ - 
35 t^" f j is nan*^ p^ct**ir> U and srvsv dv.^ r 

aeuxctea xn Fiq.. %f» 



s 

Trvar« is also provided a pissed or phage containing , 
& genetic ccs-dfe for p^otsi*; D or The gbo-vt-; &&£insc5 
variants or pamoiis, 

F^rthe^ thers ;U? provided a non-hvfnan ho<s«: containing 
5 tns above; plssntid or phmg<% &n& capable oi prcxkicin^ s&id 
protein or variants,, or said pore ions thereof^ The host i s s 
chosen among bssctferaa, yeasts cr plants. A presently pre- 
ferred .host is E- coli * 
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There ds also provided s nybndo^cs ceJ I cftp^tln cf 
producirs^ n racnoclcnai snrxr^odv- to an ^rcyncyjenac p-ort^c 
of protein D„ or of naturally o^c^rring or art-s.f ;cS rs.l ly 
ra^cUfied vanar*t& thereof, 
S Further there provided a p^ra^ad antibody vrt.icsl 

sp£C3. to -an ifltmunog&ni ie port las. of pjr.r«iii U cr of 
uat^rsiiy 4 xx:c^rricsg jr $rti£ icisliy modified variisr^s- 
thereof. This acvtitcsay is i,uN?d In n r^thc-d cf detect iry 
she presence cf i sen>c.phil«sr in*luen2a& or releter* Hs^o- 
10 philus species an a sample »y contacting said sample viv 
the antibody in tn@ jnre sense of en indicator . 

Ths Invention oiso eo^pri^es 5 Eitftncd c d^u-'ClJ. 
the parent** cf ii^ifihiks nsflae-aas c-r rels^.-i HaiLUH" 
philu-* ^f.«ias in <* sample by contacting said simple v»it 
IS a DNA pr^bfe or pris;>r cwjtruct^d tc correspond to th*. 
s^lIsic scids which code fcjc protean (X or fee nstur^liv 
occurring or artificially raodxfxed variants tiiereci, ci 
for da iiMsunogemc or IgO-bindi^ portion of sr-xq protci 
or varies r,ts. 

20 Fro rein D, or said variants- or portion:^ is- Utio 

^ s&et^ec? of dstecting in s^eh « dot**<ct:i>\cj ^e.rho; 

rr>c pro tain spasy bes labelled 05. bourtd to a raatr-H, 

finally, the snvent^on oc^pris^ & itvUiOd of ssey& ■ 
; >ting laD -isi^ ptoLeiti D, or said variants ot pcrtiDn* 
25 • Ptionally bt us S *r a siiifcrix* 
MAfSR^AIS 11K!> KSTHtiXSt-S 
Bsrtt ris 

II £ >■* -rrl„er ■a^ M', t ^pi. ^ 1 ^ nr ~ wicp 
si J m_nt^^al> e Snd >> v +■ -ir fc^-t^i ^ k -=* i ^ m 
30 1? r^<(.,to r-t i = r a t ^, ^t'n Ll st =, r ^ ^ i * - _ L 

, 3 . ? . 

Culture crnjd5.ii.ons 

AK ctta^v c* len^h.^us ^ r 1 v. a £~ r-^e 
35 _u- 1 1< crDrfk ( t -lp-r a* ^ r - _ ^ *cr^ 
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-sciates of H , xnrlxjenrs^ *tcr^ else cus.s~ r^erti ^ ,i at 

lewau^OfjlobijljR^ and pristf iissr 

I^jL sn-elusrs proteins: trw drxvt Orit^ic^L pcTust, 

10 It j^i it > r,**su' 1 ^pr* sfnti q fo^r sub-l^i^si err t ™-t" 

O^f if^A mslcu? prr*p', -i v,^re iscl?*^ politico arr- 

^.e.i^ "\< itiiit^a.J cthods Hursio^j f\il t It I ^ cur 
..Uiiii ^l&s^^noQ&n wsrs jr^rC'^ej izt.>i K^i y^trv i 

gift, 

ZO * **" x~Ig:D temdiog 

u i jet i t !Vir*re ix >_ t k. h t 

25 t *>e tt I u. i^u^^n ». - i "3 4 * 

* p~T\ «» o * *. - 

* * e- <_ t bp 

SO \ t -td 5 =ir _ *" vr x i\ i ~~ ^.^ - 

i_ f > \1 ^ t ^ 1- 1 " 5 U I 3 

w^^^. \ *\ * w^^.^ ru * l € - 
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Monoclonal antibodies 

Inbred female BALS/c rales [age. 6 to ^4 weaken wer*j 
ISBEiyruzsd. by an intrsp&n torses 1 ir^sction of 25 uq 
purified protein D <25 ug/50 til > in Freur.d'a complete 
b adjuvant 1300 pi) followed by two mtrapuritof i iG.al 

Injections of protein 0 {15 > in rood's ir.coscpl&tes 
adjuvant (30Q isl) 3 7 «e©ks 2$?.<?i* It. v*>ek ii the tsuic* 

war«* binid irons tn© s^rnm was separstscs arid tossed 

for srvfci-prot&ir* D activity in an enzyme- linked ir.ruuno- 

ti> sorbent assay ^ ELISA ; * The best responding rousb was 

boosted by 5,ntrsveneu5 irn action of protein D ^ y§ 5 
150 pi PBS r One day efter the last injection, the spleen 
■was cssieissd and spleen- crIIs wssrs* pr^p.srefd far the pre- 
duoTi^n of reonoolonal &Eyt£boc}S®£ (Dei St Orotn SF, 

1? Sche-i-^^gg^r £J J Xni^unoi M&t,h<xH 3S:I 1930). Aft&r 10 t :> 
14 cs&yss (she an 12 d&y£) The hybridosts&ss were tested for tb^ 
production of antibodies against protean D in sr* ©n~yi$i&~ 
-linked immunosorbent assay (SLISA), and the hybrids 
producing th« highest titers of airciboiiifcs were e^onesS end 

20 expanded by cultivation xr, RFMI oediurc cancel r.ing 301 

f*tai bovine s^run5 ( Totally 68 clones producing ant i bodies 
to |>£otexn D wer^ obtained. Thr^s of the hybridomas we?r- 
sal^crtfcd for further growth in *;h£ srsjn^ All 
imtis Vier© fro* er> in the. presents dimethyl sulsoKid^ 
e^d SD% f&t&l bovine s^rum in liquid nitrogen. 
StJSJ'P&GS and detection of pn-otein a on membranes 

SDS-PAGE ffis, vising a modified L&6Msmli Q®1 , prepared 
and run according to toe procedure of Luefcenbarg ft a! . , 
iFSBS Lett SB; 254, i97<*) using * totai acry±araide concave- 
ration of 11%. Samples of cr«do Ssrccsyi ess: tract? of H. 
in'tluen^a® and rei-Tit&d b&o.fs ^ i a X speciss wares r>: St £.9 tod 
by S-^lrs boiling saiaplti buffer consisting of o.O f .^ o; 
T*.1l~ hydrochloride ( pH t"i.8}, 2% iv.-'v) siDb,. (v/v) £-r*E. 
iCt*. glycerol, and iWvi broaspher.oi blue, Elect- o- 

Jb phoresis was performed at roost: temperature using PROTEIN 
11 vertical slab electrophoresis ceils (Bio-Bad Laborato- 
ries, Richmand, fTA ^ at 40 mA per gsl constant current. 
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Staining of protsins is'j y^is -va^ done with ca&a&sie 
brilliant blue &n a Eiixtyrs of methanol, aost^c acid an<5 
watsr essentially «s described by W®h®r anc* Ossborn (J, 
Biol. Ch^ai, 244:4406, 1^66*) Fro^ei.^ s&nds vesre »l«c 
5 transferred to nitrocellulose wtfsrOi &?je$ (Ssrtoxi v*?-. Wes^ 
G^F*a&n> ) by elects ophcjietsc trans tcr frosts SE>S-jc*y~ 
acryi&fjude g«l&< SJ^Cjti uphoreti^ transfer was dSinel out 
in a Trans-Slot Ceil stMo^Radi at 30 V for 30 min. ?h® 
electrodes buffer was Tris, pH ja„3, 0.19 2^3 glycine, 

10 and 20% tsKstrsanol. The meatprsnes vera then washed tor 1 h 
at roo*a temperature in I -SI ovaibumin-Tris balanced saline 
pH h? *4, to sst^rste additional binding sat«s, 
&ft?vr S^vsrnS washtnes? with Trls bra Lancet saline 
tr^. nsigjisbr^rvas wers incuiatei ov&s night at rcop 

ir< tsa^rs^ur* in 1% G^-TBS buffer containing (20 

tc dotcct IgTJ- binding bands, thefi washed twice with IBS 
Th& sa&jftforan©s wsr_ then incub&ted with peroxidase con- 
jugatsd goat anti-human igD i Fc,< { Kordic iwraunology , 
Tiiburg, Th© Netherlands.) for 1-2 hrs &t reo*ts temperature 
after several washings with Twe©r~SBS the Rteasbranss were 
developed with 4»<;hIc>rr.-j.-Das>thol and hydrogen p©roxid&, 
Protein D was also identify 3 ya^n^ &uti "protein D kousg 
monoclonal aniiaodiois I'sCU , 30Gs anU 1&B4 at 1 1 50 
dilution aft 1% OA -TBS > Prot&in 1 and 2 of li. inf lusnrai? 

2$ vf^re identified using s?>.nti~F~ itsou&c ^monoclonal £F£ (Py, 
Eric J, Hansen, D&lisss, Tesxp^ , at a 1 1 1 ODD dilution 

&n3 rabbit anti-Pi stsru.^ irr. Resort Kunson, St. 
louis, Mo. USA i st a 1:200 di lui-ion. 

Solubilization and purification &f protein D froM H, 
3-D lttfl«kett*aai 

Sri a fly 3 g of b^ct^ri,^ w^jl^ ^**L<£5xi$d in 10 oS 10- 
OK HEPES In a bwffor * pK 7.4* containing 0.01M and 
soracsteS -hrxsw ti?ws i;; & S'jnifiei for 1 stsin whilt. 

cooling in an xce bath. Following sonic&tion SSTrcosyl 
3S (SodiusK Lauryl Ss r cos i na ~ o vrcai* aJe^d to & final concept- 
ration of 1% tw.'v;. Th& svispsnsions were incubated at room 
tarrspssTatur© for 1 b using a shsHcr anj then sonicated 
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«9sxrj 2k1 sns.n on i c<s* ard r*» incubates! est rooa te^u^'a t urs 
sor 30 Hitru After oentrii ug&trou at 1 2, COO g icr 15 *st 
4*1 the supem&timt was harv^sr^d ann rgc&ntr 5 Sugared at 
105,000 g tot !♦£>• ft St 4 tf C. 
2 S^rcN3fcyXe3«t^<it^ fvr^jiftrft-:! £f H, JLriOus;nK«f? , strain NT 

t?2 es d^orih^ aLsavs wore applied to S&S-PAGE- ASr^r 
^j.^CtropftjC»r«si& narrow gel strips were cut o^t-, prcL&i.n 
rss transferred to caerr.br ar^ss &ni the igD-b&ndif^ bar.d v.^-.? 
detected by Western hict assay ysi.ng IgD- and peroxidase 
10 c-on^ugstso goat ant i -human 'igD as? described abovs (see 
SSS-FAGE a^d d<?t^ction of protein D on jf^jtibr&ncs : By 
cotsparison with the IgP-binding b&niS on x ch^ rvssubraaf? 
! WfiSTern bXot> -he appropriate b&iid in ecu 3 3 fc^ 

identifies^ *n<3 cut w:. ElisctrophoEfetic: tsslutio^ c<T tJ>v 
igD-Sjir-di.^ M'l-l^culfS.r [ psat&iu 2) w&ls. p-erforiaea aria slk 
r*!^ r^iBGvsd £ro:ci th^ piottsin catiLbinirvj soluts^.-i i>y 
precipitation in pot£sSrfiuKi phosphate tuifisr us^ng ^ isetnoO 
frots Susiiki and rerra-ia tAnai. Biochs&nr. 1T*;"59. L^BSi- 
Potassjhasis phosphate ir. a final eone&fitration ©i 20 srM was 
7:0 added and after irscisb&tion at 4''C overnight the StJS-pres;- 
pit^tc was xeiaevee by centnfxjcstloii &t li r 0G0 g r Ths?r»- 
after, tte pcu\%sa>> uisi CDi\t&ft£ was adjusted t& £0 mK sic 
3itcr & ftr§ $t & v \: cft^trifug&tiDn was p^rfor^iso &b>*'V- . 
^.n&lly the supernatant was concer*traT£'4 ext-r-ft^'i^ 
25 dialysis was pertcrEFe^;i - 
Dot: blot assay 

Proteins were applied to nitrocellulose snenbi. 
(Schleicher & Schueii, Dess^I, Wast Germany) manually cy 
a oot blot apparatus (Schlese^r $ Schue>Ilj. ?>fter 
oO scstura tiers, th£ ^sm.Dr5nr?s; rerr Inc^bst^ oversight at rt^sr 

arob® i5 to K'5?I0° cp?K/3r:i K washed tour ti^ici; with TL£ 

a~ -~?0°Q by usintjs Kodak CE?«,C >;-rsy $"s.icr,s and Kodak a — Cj-Ka " 
35 K^yular irtfecss-tyir-ij soreesi Eastsftw Kodak,, iilccrsstsv 
NY ) . 
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to! no acid Jsegyajace sna lysis 

Autoraatad aniiio acid Si~qu£r-ice> analysis was per ferrate 
with an Applied SiosyataHis 47CA oas-liquid solid ph^& 
ntsqysnstor (A) wi-:h £^-il±iv-> fj^r^cticn af the* released 
5 ajtil^o acid phsnylthiohycsainroin derivatives by Applied 
Si^systera* Miwtei l£OA PTH ftne»ly =fc r. 

Bacterial strains, plasmids , bacteriophages and asedis used 
for cloxiiii-g o£ protein U 

K inf lusnxas* , rssntyixable strain 772. biotype 2, was 

10 i-solatesd frcxa a nasopharyngeal swab at the Departisiant 

Medical Microbiology, Mali&O- Ganareil Hospital, Unlva rsiry 
Of L^nd, Sw&dsn, S- eels vero u??od 3S recipient fcr 

pla<5K5iQ& pllClR a Bid pUO ^ jtjjvj <5trj-;v~it i ve-l -uv^ifiof. K. ccl:, 
JM.10-! ftnd v«ra ysed as hosts fcr tfl^pj £ and 9 

IS b^C't^-ri o^'his^s, H, infl^s-i^ae was eultuxsd iri br-iin-he<- j 3 1 
infuai faro t n i D 1 f cd Lab - , I nc , J>& t r o i t ,. M i. - 1 su^P 1 ^^en - 
tsd with (nicotine adenine dansicl-eoticie j and betters 
i Sigma Cbensical Co, , St Louis, >c J , each at 10 pg'isl, £ . 
cali strains wer© grown in t broth or 2xVf fcedi®. L agar 

20 and 2xVY agsr contained m add i$ lor: 1.5 g of spar i?-er 

L broth and L agar were, wnen so Indicated, supr ! " 
3eT>(?nt«?d with srsspaei Hin < Sig?R£ .i at 100 ^g/frl, 
DNS preparations 

Cr^Tnobonal &NA -fafS& ytfapesttid £t03,< inf 1 5 son a a*? 

2$ strain ?T2 oy using b modification of th* netnod ol h-e-f l 
and Thomas {J Hoi- B*oi . 13:476, J 9 65 J. After she 
phenol : chlorororm : iso&Kiylaleahcl C£5;24jIj e;< traction 

the 13 N A *m& ^thanol precipitated. The »KA was disrSC^-^d _< 
0,ixSSC *l>iSSC:0.i5 M r^aCl and 0,015 M sodlt^i citrsSM r ^ 
30 Fi^ss tr&atad fcr 2 h at 3? Ii C. The? Rtes^ was r&jrvovai 

wets banded in a CyCl-c-hidi«ss bromide- equilibrium. 
Gradient. 

Flasnsid S3NA arid th© raplioativa forsn o£ phage- Ml 3 
3:> srosfi E. coil JKIOa w^re obTrsinea oy thB alkaisne lysis 
procsdyre followed t>y further purif icarios* in s CsCl- 
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prepared using a Qalagen pi&s^ld DNA krt (0:.eg®n <JcnbH 
0&ss®ldor.£ ,. FRO). 

Single-strandsd [ss; DNW from phsg^ M13 clones wes 
prepared frossi singls plaques (Hessines, J- Meth. Enzysrsol 
5 lOlCtaO, X083>, 

Molecular cloning of the pro-taiirs D gens 

i\ it. influenzae general c lihr^zry was construcTsc 
starting iron 4Q pg of H. influenzae strain 772 D^A «hic": 
was partially digested w;Ltn 1.2 tiaits Sau3A for 1 h at 

1.0 3? & C. The cleaved DMA was fractionated on a sucrose 
gradient (Clark-Curttss, J. E. st al,, J , bacterid. 
l$a;1093, 1985}. Fractions containing IWA frsgsr.-snts- of 
appropriate sizeis; kalobasepfcirs kbp } ■ wsre pooled 

and the DN.*v was ligsst&d to cephospbarylsiteis dxgesis? 

15 pUCI8 und&r standard conditions Oksniatis.. T„ et 
Moi&tt^l&r cloning; A laboratory manual, 1983. j. Ins 
ligation ftsiKture was? transformed *nto component. E . ccli 
by high voltage- elsctropor&tiorx with a Gar*** Falser 
'^./Pulss controller apparatus, both frosn Bio-Rad La£«. 

20 {Ric£wnos«i, CA>. The bacteria wer« plated onto L agar 

supplemented with arapiciilir, ant* X-gal 1 5-BrD«o»4»<:Moro- 
-3-inQGlyl"$~p-gslsc^opyrano$^ds5 } . 
Colony imemmm^^y 

For colony imsnianoblo'stirt^, coli trafsBlc.£S[S«ssfii:a; > 

:,5 cultivated overnight on L sigar, ^ere tr esis f er r&d nitre* 
cs?-lluiOS® filxsrs [Sartorius GmJ&M ,. G^t singers FPG) Dy 
covering the agar surfaces with dry 5 liters. The pistes 
wsre left tor IS ain bsfors the filters weru shoved and 
apposed to saturated chloroform vspoirr for IS rain. Resi - 

SO diial prot^ir» binding sites on the filters were blocked by 
incubating tne filters in Tri^ b«i lancers saline- contiii ning 
CV3lbustsis^ for. 30 uvjn (?BS~CtV2>i 50 m*-3 Tris-HCi, IrM asN 
NaCl, 1,51 ova,; pH '',4), A£ter Llocking, the filers w&r 
incubated in turn with { i I cuitur& Siip^nstgrr.s contdinin. 

'd£ rao^se monocloriai an tibadi.es (MAbs'i directed against: o ro- 
te in 5> at & dilution of 1:10 in TBS~ov=i, (ii) horssradisrt 
peroxidase conjugated rabbit ant* -raous* igCs-; i DAKOPA'JtS 
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Slostr^p Ur.oarK) in TBS-ova at a dilution of 1:2000 
-n "FS-ovf ari <^±; ^ehloro-i-r^phsho.i and H^O- * The 
titters ver^ fcij^hes<3 3x10 ffiin in wash buffer 
'Trfue' 2} x bx\^(.n e&o^ step- Ail incijsbstifjns were done &t 
5 roam temperature*. 

Colonies also checked for I9D binding by ^nCuba- 

t^-g other filter? witn. purified human stjy&ioma igD:s, 
s abbt ant i-m*™" 1 gl> ( S-cha ins .) ( DAKOPATTS J her seras 3. 
r et ok 1 d-^ce c\ v u,~ a aost ant i - rabbi t Igis i & i o» Re d huh, } 

ir anc 4-c^lcrc-l-nsphthoi sr*d R-,0 7 as above, 

Be^tnctipn enifo-nucXeas© analysis and DNS manipulations 

Pisssmid &nd phage dk t a were dies&steid with res rrlctior 
®ndonuraX«iSS^S according tc> ths isianisf ac-ursrs 1 l^str^cu icirv\. 
(B^hr^ng-asr Maftn^isti mbH, Kannheisi, FFO, and; Ke?^kKi*ri 

15 Instruments, Inc*, E^gl-md } ♦ Restriction ^.nzysfcs fr&gsnerjts 
for subcloning wsre visualised with low energy uv- light 
and excised from 0,7-1 .2% agarose gels ( Bio-Had ) contei" 
ning 0»S% ethidium hro-nside.. The DNA bands were extracted 
wich a Seiieclean ' m kit CB.T0 101 inc.. Us Jolia, Ca. ) as 

20 rccof5TJisnd^d by %hf% supplier. 

Ligations ware; performed with 14 DNA 1 Agassis 
i Sosshringer MannhsiisO liind&r standard cond.it ior 5 s <; Mara&tSS: 
s;t , 1982). Th© ligation s&lxtL&res were utsisd to trsn&-~ 
iorst coKipstent E, coli calls. 

2S Progressive deletions of the recombinant piasuiid 

pHlC343 for the sequencing proe&dus© ware produced by 
varying the tinis cf e^onuclsase III digestion of Kpnl- 
-BsraKT -opened plastic* DNA (Kersikoff, S. Gene 23:351. 

For. removal of rhe resulting tangle- stranded enehv. 

3C* fbxing heart nuclHsese? wa? y&*?d- Potb tvjc l^&^ef$ wor* cbr^m^d 
iio& EsEhssca Peiu-uirch ^aboretar l&s? inc. { (J&thesrg&vs.ra,. 
.Mcs . > - 

Protein l> &«ts&ctitsn frosc E. coli 

Cells cf coli expressing protein D weare grown ir> I. 
35 broth supplemented with asipicillin to early logarithmic 
phase and then sub.iect^d to osmotic shock. After removal 
cf periplasm! r.: fraction she c&lls verc lyssd vith KsOK 
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{RtssseX, K. ana Modal, p., C^ii 2E:l/.\ 13821 and th** 
c vtopi S3x;u c frecxiosi separated frosts tms roejobrante 

fraction fay centra* fiction. Thts periplastic end cyto- 
plasmic proteins v«*r& preci^itaced with 5% tri-cbLoro 
5 acetic; acid. 

DNA ssBfti^neing <$nd sequence wiaiUgulatioiis 

The nn^loo,! j ■g^.q^ncs w^s <Set^rmin-sd by direct 
plasuixd sequencing iCh&rj, U. \. and Sseburg, f. H . DMA 
4:165, 1985} of subclones and delation derivatives ot 
10 plasmid pH!C348- using t^e chain termination method with 
at 3 ~S]-dATF < Anershase j and Ssqu&nase™, version 2 United 
St axes Biochemical Corp,, Cleveland, Ohio) following trs* 
t iutoi 'TMaa by th_s ^uc;ji-«^ ► F»rr of -he sequencing: 

ViO ! ion_ £>i< ^inqlr -^Tre^ded DTvfi C^'iyiny inserts 

15 ^» ^>>-d £~iAP lHIC Wi?. £^tOiaJi V^jsphv was* pfer-f Ormed with 

Dis^rxbutiow of % retain » in. SasaBopfeilas iHfltssasia® 

^ total of ilb H. mflyenssae strains obtained froia 

20 ouituir tU^nois and freshly isolated frosp nasopharyn- 
n**a~ ^v.ab^ s^-^ctsd for I gD- binding experiments. 

T:_e*^ t* -she ^tr^-ns ware sncap^nsl&ted representing 
reratypt!**. ^ t ■v«5 105 strains tf&r%> non-^sx^psvilsU^.d 
^or t^ *.3bla , Hut'? ios strains belonged to biotype J {21 

25 st\t is P Liot f [- II s;39 strains >. biatype III il4 
kt.etio, f b^t^v IV strains) and biotype 1 *5 
^trstra , 0 f * tne v o i-encapsulated strains 31 wgr§ nos; 
b ci*p©d >M out tested for Sgn binding, 

<\prHr<v urates 4s 10" cfu of H , influers2.s& baet»n?i 

30 q"\ ^ -> \ "-no^o a^ &gsr wars jsiKad- and incubas^d witn 
40 t>^ -—^ic ^N-^esd hycian nsyeloria Sgti, Thereafter a 

- vt^iiF^ ml) o£ PBS s>ont3j.iij.sig Tween £0 was adds-; 
ba^te u vt-jc ypisn down and ^adioactivxfcy of pellets was 
iCv^u-rO A 1 v ififluej^a^ i&oXates* bound IgD no a bioh 

35 - -ore-*?' ? *™" 41 i (Fig. 1J. There vas no differsnc© in 

I-jD ^ x ^ vj ck parity E4stw6j«n different serotypes {a-£> o: 
e-,^^ u_< H, influGr^as, Nor was there any difference 
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bstwe^n diff&rsnt biotypesis of non-imicspsui&Ti&d strains - 
3D strains rsprss&nting <iiffes&nt sero- and Metopes vers 
eiso grown In brain-heart infusion broth. Whsn those 
bacterid gro^n ir* liquid sseidiiijs w«?.re soraparsd with- the 
5 ssMn fcaatsria gxdwn on chocolate agar, no difference ir. 
I gp~ binding capacity cOviRl be detested,. 

Protein D was solybxiized fross all lib H. influanss's 
strains by sonication and Sarcosyl extract ion. Subsequent- 
ly the extracts sontsming protean D were subjected to 

10 J£S— PM?E- Proteins v£r& stained or alectrcblotted onto 

ndtroceaiuioses ra&^&rsr^s and probsd with hu^&rs IgD a>yeIosrSL 
protejri and thrfcfe diffetsnt sksus^ rconocionsl antibodies 
r^cogr>i:£.ir<g prOtfe-Lin D. Ksry protain bancs? o^uid Im detec- 
ted in all SDS»$fcIs but electrophoresis of extracts £ron 

IS $11 H . influenzas isolates gave a protean iwid with ar, 

apparent molecular weight of 42,000 f 42 M:ila4altans ) . IgD 
and also all tnree an ti- protein D ssonoclonai aritifeodi.es 
(I6G10, 2056 and X9S4> bound to the ss^e band after 
electrophoresis of all extracts and subsequent transfer to 

20 jisejfifcranes and blotting, 

Bsct-er^i <>-:ratn,-. of 12 different grpesca^s tSKCtns^ - 
coUy reiated to «- miiuisnide ii'.. duc-r^yi , H parspnto- 

H, p^jr^jesRolytiCU*, H. apntopi-n iu^ , H. ^.g^is, K . <*e§yp- 
L*i tic^s, H, ha^o^obin~.pbiIusi. corrodercs . A. aetlnc^yec- 
teftscvr,itans} v?esr« t^st^d £:>r thexr capacity to bind ' : 
labsisd twmnn Z$D> It, sd3.it lor. crude dacrosyl extracts 
;^!s. th<? sa?r« b^ctc-r^.?. werfi t^<sted by Western bict ana- 
with ign ar^ thi thrc-s an* protein P , emotional 
jji eat, Undies (MAL-s 15C10, 20 3t", 19R4^ 

sll tweOvo spec icy U^tod, oriy Xs«oL}l' n.- 
t^/$ strains* ar-: H. ^gyptic*is f 0 2 str^is^s) bourd 
rac*--olat-el«(S lgD r ii-^* and rssp^ti ve~,y . . i -itf- 

a-.re^t fcmdxng «s*jeiy {Fig. 2i. It, Kesturt* blct anaiysiii 
3 V < Tot and ail three :nenoc~onsi$. antibodies cusuact&j « single 
f*rv3 witrs an apparent «iol«cular weiaht of 4*.. 000 
kilcsda Irons > 
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None of the 6 strains of H. paraphr^pkilus , 11 H. 
parainfluenzal*, 8 H * aphrophxius, and 3 A. actino&yeeta:* 
eocutasras bound radiolabeled x$d if* the direct binds r:g 
assay or reacted with Iqli in western blot analysis. How- 
S over, extracts o£ gill thc*s© strain^ reacted with two or 
fhr*>*> of tr>e jPsnoelozLrel antibodies ±r, y^st^r^ slot ana- 
lysis showing s s angles 42 kUodaltons? gurAysr bdsnd . 
K&stsrn blot analysis cf three strains as e. corrodenc 
revealed a single high molecular wedQht band {90 kilo- 

10 daitonsu with MAb 3 in alJ three strains. In an 

^tiact of on© o± the strains, & single 47 kModaltons 
band wasr detected wit" the twj otVr Tonoclonal xt ri 
bodies. Tvo strains of ^.ducr^ , H. ffire>su\s i. «ti i < 
H. p<arah&esma2yti-ous ^ ^rais.^ ,« s ^ngi^s (Z strain*: 

IS H. iiaei«i:)gXol>i^p^iIu^ jntr^in^ ill ft nrt niud ndiciM>-li 
Igl> in the direct rs^ay anJ S-arccsv* -xTxacts _rt 

the sr^m^ bactexaa «3id not reve&z any pxotcia t*ar>d detect- 
able j>y IgD or the *h~*»o ffcncv-ional antiLoJLues . 
Solubilization, of proteia B 

20 Three different strains of H. lnt.ofr'^efr uwa «on- 

typ&ble strain*?, " ? 2 j«rd and o \e typr 8 Kim A. i 

ws&ra grown everrtfjfct in Srorh, iuxiissily e^toir^s *is. 
rasdp; to soluble irn pr^t^n t> according to a 
s.st^blish®!2 sissthvd fDi isoIM^" rf ^ . itiliuHi. .r- - 

25 fiisstsbr$n& prctei.n-- s> tvi^jtian, r^TCval ct li^c ctsl„ 

csbris, by cervtiifu^ ens? ffit: s vt;vT -*t the -uye.^^ts- 
with Sarcosyl foi^Dved py ^I'.iac^ntr- tugpticn. t ^ssn^aro 
SJ and Ktsnson „"* Inr^tt r;s 14;*;fo^, 'The pallet 

(call debris} sol Mpenawns (, } ,*fter sonictt: H v n 

SO well the paints scvji^inata"^- { > ^*er r„vr 

*y}.--treat^«30.T. as 0 txhtj^'.^ir-f'.'^v', w Si^oi c-.jd t-. 
Si3K»PAfiE. Prote:^ - voVt< ctuusod or £ 1f<- 1 1 -U] orteJ orU<: 
Ismobiion !BGmbrG^»:\_ r~~^£^ w.ith r ? n Xgp i^v_loa^ 

Pig. 3 the soRacsl'ci r: ordure sol u rx-.ucsd psctt-^s: 
including proxc 1 - f <? i £ &et i ve 1 y , k <\vi , l<?r -b - rc: ^ 
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sralecules (pxote*n D v,ou\J also be eseteetcd x:s the cell 
debris, - „■©„ were not solu blitzed ey ^n-nt^&txors. The yield 
of TgD-btndtna molecules 11 the s*"pern?**-&rt verl&d bstwppn 
rsiffere-nt ettM^xsraonts , tig. * show*- that ©rotein S> 

5 nostSy could be dctocrc^ i- tho s^ion^y-l soluble -super* 
na.ta^t a^tt^r ultrarentiii J<?^tiuin, it* contrast previous y 
d^tsj. ibed outer snub* arte s -^rt-* H xrflu^n~s^ 1 F rc " 
tern 1 to >» arc re&cul* ,vh^;Lz^ by sosiication ate 
consxdesosd. Sarctsyl 3.r*sol..!; le 

10 To improve the yi^d protein D several extract xor 

methods vifere tried, I; ^ui sequent e-xp^rira&nt<3 the bscte- 
r\a" ceiJ^j we*rv- ean-Leatusd ant' 1 the *nclr« cell ^u^t^n^ion 
eso*ti^ats3 and ejvrrnrtpd i^ dtrfe-e-nt d^t^rqsnts- iSorco^yl, 
NT*-4K Ti-Llon X-lOO and i^ocr ZO k debris wes 

15 Tew-Ajvi* bi ccntrifaja^on t 12 ,000 g; and th- supernatant 
iiitr4uSR*ri.fug&g. rhc tluu-, oi3t,iinnsrt c*sli dot sis 
supernatants in\ emJ pellets <r* vwie aaulysad &y 
-f-ASS, ele^truLloLtina j ltt nsnbtan.es and subsequent 
probing *xth IgD. As shown in Fig. 4 Saressyi treatment 

20 effectively sorubilis^d ps.otei- 2 leaving little left in 
th«» cell <*ebsri<§ nsl.et, \t~40, Triton and Twee^- 

-SO sot«btli*«d prot'Xiji D l&i s r If ent ivt,1y , 

Att&raipti- v-ero also Tade to ^^vhO izf lutein D £ren> 
bacteTj.^ w^th ly tm_ fenO: d^ttsr&rt pr<otep£"tiv5 &n 

25 -ymea ,p^na, p&psxr an* t;yps\rt at d\£rerent cnsicoir - 
rations Cf tan^yn^ c-r.ly Ijsoryre solubl li^sed jxotsi;. 

D (Fig. 4J. 

Purification of protein ft 

~;Otem D vi^s «*nl^fc\ ' , o^d by SaTCi^v* extrefi on of 

3D whole hsctsxSa as described above and purification was 

perforiwd l«y SDS~FAGE of the si'p&rn^^ant r^f-n&x ultracftfit - 
ri fixation, &£tfcr e-i&ctxDphcsresi-B t^rro^ gol strips v&r& 
cut out, proteins vfare trans Car r«« to rae-ffi ht &n<? a and the 
IgD-bindxng band i protean Ss wsss detected by Western blot 

35 assay. Gel slices containing a protein, band corresponding 
te the IgD-jDinaing molecules- were cut out frost, the gel and 
soiubilised by electronic ^lution. Ar ^electrophoresis 
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the purified protei.n. protein D (D>, narrated as a sangls 
rand {42 kiiodssltons s :Fag, 5; without discernible brecis- 

To confirm that protein S was ncc identical with 
5 orevio^sly described ovster isembrane proteins 1 or 2 wi-h 

debris fd) and $\ipx.s7<otants (si after ^r»jyl extrscticn 
of who-la inf 1 si-acL^t^ii ware subjected to SDS- 

-P&GS, transferred to I^otjaon filters end blotted w-trs 

10 antibodies to protein ■ and protein 2 and also with huinsf* 
IgD. As cars be seen in Fig. 5 protein D migrates diffe- 
rently from protein 1 and protein 2. 
Binding properties of »rtjt£in S3 

The interaction o£ protein X} vith hyman igD 

IS further vsrifi^d in gel filtration sxp^riRients where ■>-^i^ 
-protein D \sra« eiuted together wiUt IgD when a itixtyr^ ot 
thsa two pro tain was run ot\ & sepnatSss column (Fia. 

6c;- Protein D run alone on thea sssrs. column was* eiuted 
slightly after the 43 kilodaitons standard protein *Ov*l- 

20 bumiru eorjfirasing the apparent Tsolecul&r weight of 
42 kilodaitons for protsun D. 

Radiolabeled protein D was also Studied in different 
dot blot experift-^n^s to furshc-sr er-:--in$ine the bmdinq fipeoi- 
flcity of Ths si^jlsculis. Fig, 7 shows that pro tain D 

25 rflsctively bound Xvto highly purified human Igl? ^eiama 
proteins . A distinct reaction could b& detected at 0,15 
snd G.3 pg of the two loD proteins, respectively. Two 
additional igD Btyelotaa protsins which -were tested with tn& 
ssnne technique could also distinct iy be? detected at 0,5 

30 : data not shown \ „ in aot blots loT-Fah fs agents ana lg£- 
-Fc fragments bound protein D at 2,5 asvl L2 p^;, respec- 
tively. Jr.. Contrast B A I £ t fcr £f X rcyeloraa protein^ 
L^pres^ntsriO ssli subclasses &nd L-ch^iri types showed no 
visible reaction with protein d at S won Neither oouid snv 

35 reaction between protein 0 and three sconoclonsl law, or« 
rcionoclonal 2gA preparation, polyclonal Sgfc or sosps 
additional proteins be detected , However, with po3y^lona-' 
igS a we&.k reaction was cst^cted st S ug i ? ic„ 7), 
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Clonxxiq at the protein 3> aene 

r\" t*- xl i ^rr^s^ "2 % p - 1- 

" t, 3 , i„ I*- x ^ * ) la S-acl :> c ot. \n 1 

r 1 t- r jn ^ v t f l-^L, i > r *u 

xtA ia-tanc^ -^o et c '^r k. x x r x c ^ 

...iol to n t ce lr^_ * l^c 1 "? er c^en^d i*f ^ 

r - ^ l ^ *- Tk ~- lo^t \r- *» x M"*b*> ^ 1e^ i*-* ~ 
Materials rftd ^tht, 

-^^t^et idi t do* 1 r<- £ ct n v.^ nr? t x + L\o- 

K «- lis- *Cv vl a) t O t-s-C JLTil 1^ C ^C^e-C T 1 1 
ly*^ I_<1 311 I. w L-VO f^-.- 3 It ^ p C-t ? u *r 

•"us.r^u t ess te-^ei ±? i -jr Li j * +- Hos 

^.3 rabbi - *- ort -n g a^d k\tir v i J x t J 

1 i i at a \e*hi^ ■«> "--^c t^vf l"* 1 it. I-"-" 1 

j siti c^u.n*.. iv<( a hht ^"l \ " t. if i^±(r 
^.ci rcconL ^ p a tn ws r*-- 

i. 1 C ? ^ ^r 1 * ~k v t I v -^IC Q ^ G 

1 ^E? Etc^ 1. -*r " )T ^ T ^ 1 ±1 i f 1 

^^.C^^ ^ v i 1 k 11 iij_w <a -ill j>j.^ ao) L._l- 

^ s 1^ is.xrt-f^'ts "-IX <r" ^1 li- uiutl llu 
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isi^nts. "Ths protein D aerne cloned irs pHIC348 is expressed 
from a promoter in pUCiS. This was shown by cloning the 
HindSIl-Clal fragment of pHU32 in tbe opposite orienta- 
tion in pUCJ9, All tTsnsfcrjaanrs estprs&SQd IqD Wincing, as 
5 would expsertfcd i£ the gsne is under r,he control of an 
^ndog^nous promoter. Transf cr^ants carrying the HindllX- 
«CiaI £r&gtiaesfst in the cppcsiirs direction to pH2C34£ ! grew 
poorly and; autolyses! during cultivation. This was prohabiy 
cub to the lac2 promoter of pUC*9 being oriented In fche 

10 s3es direction as the promoter of protein D which led to 
an overesspressaon of protein S which was lethal to the 
cells. In pKI€34* the, lac 2 promoter w&s In the apposite? 
direction of the protein D promoter, 
DNA Stetjiaesiiesss? anii.lyss.iis of tn© protein D cfesses 

15 Tha jruiclsotidfc seqis&nco of bc^h str-smas of the insert 

iroa pHIC348 \.as d^ter^i^ed eithsr by direct placid 
sequencing of subclones- ©no deletion constructs or by 
su-bcloning restriction fragments into phages Ml^nsplB and 
^3u$pl9, CoEHBersisllv available universal and reverse K13 

20 pr iasers were used, Sequencing was done across &li restric- 
tion enzyme sites used irs suhcloning arid the sequencing 
str&tegy is outlined in Fig. B. 

The DNA saq^sno-a; (Fig. 9s reveals an open reading 
frarae of 1052 Dp starting with «5> ?kTG coders an position 

25 204 arid finishing at posiT-ion- 3 with a TAA stop codon . 
The open reading fraeis corresponds to $ psotein of 3€>4 
amino acid residues. Ten nucleotides upstream of the 
methionine co-don is a seauonce, AfcGGAG, that is comple- 
mentary to this 3' era of the 1 6S rKNA of F T coll (Shine, 

30 J. and Dislgsmc L, Proe, Natl. Acad. Sci- USA, 71 ,* 1342, 
I'lt'd), The spacing; b-^twen £h'3 csnTrsi of tm.s; rut^tlve 
Tibosc^e~ bind Use site (rbsj and the st^rt codon as 13 hp 
In coxnparisosv to ths- svesrag^ spacing csJ: SO hp la E. coll. 
The S' fisfikitig legiars, upstream oi th^ proposed n>=s, 

35 shows the presence of possible promoters. The sequences of 
the -10 region, T AAA AT {*5a-iS&>, ana ths -35 region, 
TTOCTT (127-132;, show homology to the conssnsis? o£ E, 
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^ „k_*x.ru*c rt - ^e"' rtu tc p nsttr 
10 ^r-a-tesiitt » structure 

?h- q*.rf "f" p* t-i» N - encolt * f~> T ^ fi^tc^ 

I g "■.^ t !£> nHC 1 M \ ~2 ,. »_g <l, ^cc r v L T f ^1 

f '-5~*-n atics ^ s >w '-'.^ lit D^cte^ c- i^l Ot-pt d' 

IS (Vi&s^k at al,, J. Bxol. Cn^rn. 258:7141, 5 1 with its 

sstosteh of bydrophiiic ar<d basic sisirio acids at th« ?i-tsr-- 
jtsinvis ioilowafl by a hydrophobic region of 13 residues, and 
with a glycirs in the hydrophobic core, The putative signal 
peptide er^ds with a cons®r*sk3 sesjusnas L&u-Ala-Sly-Cys, 

a.Q r^cognise^ by the sjnryras signal peptidss^ II { spasean ) , 
Ths-j primary translation product has a a<sduO£d moi^culisr 
w&ie?hx of 41 , 021 as 1 tans, CJoa^agss by spas© IS wouaa r^Eilt. 
ir. a protein o£ 34 6 bsirIiuj aztg* tilth a caicyXs-tfed 
taolecular sise of 40,06s daltons, in contrast to tm> 

2 5 estimated size of the mature protein D of spproiiinsste iy 42 
kilodaltons. Pa si; translations! mod; tie&tions of the 
pr^protein susy account for this discrepancy. Sevorsi 
&t tempts to det mine trse arair.>»« terser rsal ^nuno acics 
s«ig'j)ST S cs of protfiir; D w*rs? psrf C3rnresc3 by -fspplyino about 

30 1000 pTCl&s thereof lr, &n avtosisatea amine ac^cl seq^fisnc^r, 
Sinct^ cio siaino aci^ prt^r^iti-iiohyda^tain detivSit iveu «re 
GStainec;, the ®jsjino~t«r?si?ial end of th* ^-in^l*? igr»-- recep- 
tor polypeptiklft r.nsiii is* probably blocked . 

Prot-e^n D «stprsssiad in E. coli c^rryisvy pH3C34S 

35 W5 5 srsaiys^d in irr^uTiob^ottinQ experiments {Fig. 10-- 

Cytopiasjri.ic, ^ifjripiasKiic snd mer&br&me fractions from c^i-Ls 
iri 1st"? logarithmic pb£sS« vf&re ssp^TKteci cjei Ss SOS- PAG -I 
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and ^leettro blotted tc an In^uM-lor f_itt-- * ^'Cte-*- ~i ^ 
binJg all thre® <*uti-protSv.n r nj c< r ^ntiboi^t 6 
tICClG. 20Gfc end 1934 5 ar3 ra -0-£iH^e s >> 1 ?f 

dst^ctea in all three frertit r - i l^e }-^> x f om t. . 

weighs of 42 ki 1 o<U?I cons, i o >-^noi o*. £,itui si ti> \ ±o hih 
d prepared £ro:a a. influx l$n<. * 13 > 

Ti\r* nucleotide srsqu&i lj ^ *J ^<h* v'ro >c&: :<>.ul a^-d 

10 other protsms of Knew a &uc*u«- xc dttscrnt. i. 

uaing a computer search in ~*n* E*JFI 3nr G*"-.ben< £Xrta 

Lic-rsri^s*. Apart frost* srirarsritu^ in tne ^in- -ch-Ji^t^ 
no homology ras foim-,3. 

IS A novel s^r-Jace a^pc.^ n~ tc^ c-i ^ o v 

rsafcaO protein D is an 1q s^pt— toi ut>^ : -r h. * on 

apparent jsoliaeui&r weight ui J0 n P.CL^r.i j. can £^ 
detected in all of 116 encapsulate 3 «nc n r -£.^c£ps~_aUsci 
20 isolstes of ?i* infiuerssj* snc cJ- Ihe nrcr* ■""v a" 
strain?? shows irs &c\iitior *,hr "?ns. fpuii^sit >i\ l^o- , 
weight inyn^noganic s^il&ii ie -^~<— uotci' c i^i 
strains a tiT&sr&nts vith <s;Ls^ r^fjcr&'t mut-^ irant* 1 1 ^ 

25 pui.d f ic&tson of pj^-u^n D d_^^_biKi* C \^ o± l io 
proton p g^ne fror* h* ari i^iiza. *i ?. c < * xs, aiii-t.i*t>f 
«s well as the n^cle-?! iasi ^^u-'r^ a « t 1 -^. r<. 
acid sequence ce r respond it i tw ^ a ^l-ciairr ^ ic v * o_ 
41.S21 d&ltons including h *t ^ ^ gr =0 ^o^L^t.rt x t 



35 



23 

1. A s^ts.v'- k*jq ^s^d ( vnt^, . rf^ich is "C <5 i T 
DtsiiUi? s^Cs-e^ ^a^i tin apirasent njle-v^l^r fec^Kt _t 

iSLiT ro«cr x~ O" 1 * Iutf-Dtrch r-^ port to* si .^id cn-rt^-i ^* 
10 van-ants, 

lumcfi k ^ sir. c*- mu-^ 1 ": r i 
s. k -^i tiij-caal 1 y nxHf^-i <^i^iUL_ t^£' r ^~ <~ 

IS variant*.. 

3. A p.a^id or -hoes ^orvu Ui,-J o ^ ac^t^ ? * s 

<occ es f -.sue kok f > ^ vi» c ap-jar^n. ^o.tr i^r to-$ht 

tho^ecf pi it^i En 1 m rrxjt^ir i^i. ZyP Lasi:n ~~ i p<" t * ™ c* 
pxantv. 

5 A Jx 1 *?! ac:c^r,-i3 *^ 5 a n 4 - 3"' ^ " ™ " ^ 

i tr i-r— xt F r v ^_. 

rle* * pj. i i.i - Ki r v u« -t^ua^.L * - Xt^J 

,^^.cjUti vktiight c; «*; , 0O0 ^ap^c^ty ot hiding hvuiin 

2aP cr tor ur» \ H oro^rri:^ or srt*fi"alJy tsiodiiie-^ 
35 vjria;>tp rhwr^O- r c; t sr. irrur.oge ^ic cr lyD-b i r^i :>n 
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7. A DNA-segmsnt ace-orcung to claim b r wherein the 
UNA sequence is ths one specified xn Fig. 

3. A ree-osi rs-r- tA i i* ui^ «. a ,uu« * * 

seKjuen.ce coding - ^ t ■** -tr<- * P a jr-r <~ P 
5 Haemophilus inf u« ■> «t { i^d iui ^ * >r* ~ r" 

ErsiO protein ha\ 3 &^ fspi-rrl *1 w u ' v. 0 

and c^j>-acity Di M''] r h ^n; i 1 a ^ t - t ^u^a 
occurring or sr.- if i;J- i ^ cd va ^_ i 1 ^ ^ " 

10 variants, i lecl^ds- ~e"r *nc- tc * 1 ^ 

9, A plas^ - -■•> c tf»l- ^ £il *- { r*r < 

SRcpwce &ecsi\ilrsq to claim B. 

15 or phsige accord * s - n ' fciiJ 1 - ^ ; c^it it n 
bacteria, yeasts or ni.mi\tm . 

11, A host rcrdn [> [ , c 1 & +■ 
t v r 1 si e d i*- i _t -v. - cc * 

12, A fffcsi ~ r-c^e^ r *\- 2 r p * 1 v i < -u - 
20 face exposed px*. - - ^ 3e_ u u 1 fU^r-u.*. p -*t* 

Haemophilus spe >> r c ) u - * ^ 13 j i n ret t - 
o.ular weight ci ^ i^i =t 1 a t ru ^u^x 

lgr- r or nstura^ t r- — ■ c t ^ fK 

v art i _ ^ r c -1 j.^ X - nq 

cf said gjrcjtein o \ ..^i**- *\ c^t^^i ^ j_ 1 -it ^ 
rsln, by tn* y4e t * ±-1 w > it. x g 

claim B, 

13, A fujur *" t Jk t 1 4 >■ 1 ~ - - 4 a L f, - - t 
pro-em of Haer 1 r 1« 1 ~ e> -r ^~ - tP ^ i( , n 

30 fpeciss, said : ^ tr ^ ai \ *h ^ t tl~* 1* t r 
of 4^,000 c 3C^ - 4 ^ T 

~ot;,sraI.; y oacin A * j 1 1 i' *u ui- 

th^re;>e or ±\ 1 i v iX ui 1 + ^ 1 i 

oror.eln or van i ei*!, ^ ^ L t ^ 

35 ioiinct to a pre* _t ^ iv^ ^atL, c 1 ^. 
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14. A vaccine containing a surfaces expos-red protein of 
Haemophilus influenza© or related Haemophilus species, 
said protein having an apparent rs£03©euiar weight of 42,000 
and s capacity of bind;i> <j hurnsn °~ naturally 

5 ocourr i-rig or axtiLiieiallv isiodified v«£i8ni..t t&vi>r«>of ( cr on 
ira^unjo^tsrtic or igD-binding portion thereof. 

3,$, A vaccine containing a surfac® exposed proton cf 
Haemophilus influsnae© or re la tea Haemophilus species, 
said protein having en apparent molecular weight of 42,000 

10 and a capacity of bo.nds.rsg hisman IgJ3, or naturally occur- 
ring or artificially sftodified v&riants th&reof, or an 
iasKi\snogenic or ic-;D« binding portion thoroof, combined with 
another vacciiffi, 

!fc. A vaccina cont3i^j..r>g *? buz£&£(l apposed prot^ir^ of 

15 Haemophilus infkerizas or related Ha^awaphilus species, 

said protein having an apparent, molecular weight of 42,000 
and as capacity of binding h»man lg$, or naturally occur- 
ring or artificially modified variants thereof, cr an 
icusianogersle or lgB~binding portion thereof, combined witn 

20 an imr?moog®nic portion of another moleo 

17, A hybridous cell capable of producing a jncmoc Io- 
ns! ant i bod v to t$n iasmtinog-enio portion of g s^rffcOe 
ex&os-ad protein of Haemophilus* ^nsAu^nz&s or isolated 
Haeasophilus? sp^cisss , said. prot£j.ii having an apparent 

2 S tt.o J ocular weight of 42,000 ana a capacity od binding: Jrrjsian 
IgD. 

18, A purified antibody which is specific- to an 
apiaiunogenic portion of a surface exposed protein of 
Haoa-ophilys influenzae or related Haemophilus specses, 

30 said protesin having srs apparent molecular voight of 42.000 
Siva a capacity of rinding h^a^ ioej. 

19, A method of de-tfecting tr s fe p£assnc& of Haoisvopr.; 
irdiuenxae or related Hsemoprsiivs species in a sample by 
contacting said sample with the antibody of clsisis IB in 

35 thfc pi^ssnce of an indicator* 
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10 1 Tt *- ^ f ecu isj ,J u p^e^r r r ft m^tx- 1 * 1 ^ 
u x aL a n a e~r - v <- x. £ -m _ ^^^t_-L 

t *■ n^- i" - tt t tp - o k di d ,h v i l. 

ir <. \> xrs**^ - --^ o t ^.t \ - ■> J. -^„, 

- >t l T f o f 4. aT c ^stil ^ ^ j v» 

r -\. £ sj aii r m pcw l ^ * t i rc(? r ^ or *"L 

not to * _ r c t i_ r ^ t 

if^ ^ ^ " ^t! 1 t ^ i r < -,ir=i n 1 i i \ < M 

_i _t Q 5 ^ \\ xp U L 3E I - ' I g J 1 , i N_ 

matrix . 

h vi j -j- <- v,j — >t i ^ ^ l ^3 

) ir v I - ' «s "t '"'I ^3">^ ^ If 1 3 1 

- - t~ n\*-i - c ^ i - f <- a iu>a £a_o 
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Fig.9a 



A\AAAA3GCS;;?&GGCAAATTSC^ u7 



l&S AT AAA AATTTA CC<j C*. C*V"X*f AASOAS AAAATACTT VT<5 AAA AAAA ,^TTr AC rc\?r"t' 
res 

TCTTTATTASeAflCreCCaTXCTACCACSrraTACCAG CCATTCATCAAArATGGCGAAT 2 5 7 

Ser^yLl^aAlaAlaGlyvaXL«uA^&aiy^sfSsrS»rKisSsrS*cA>sf*«tAiaAsri 



ACCCAA^TGA^TC^GACAAAATCAr?*^^ 3 * 

Tftr 5 i j££«t Ly&S * rAsp^y si X a I i e 2 1 ^1 & H i & A Q i yAl & 5 e 1 yTy r LeuPr e 



34 8 GACCA7AC5TTAGAA?eTAAAGCAC3rre^ 

G ; uK i s,Thr I^uCi uS & r Lys Ala U^A I a S^eAl a 5 i n£ 1 nAi is As pTy r Lata j 3 u.0 1 -v 



4 OS GAl^AGCAATGA^AASSAT&STCSTT^^ * 



4 T^GACTGAIG TTGCG AAkMMTTCCCACATCGTCATr^'TAAA-AjNiC^C,; rr rTATSTC 
uThrA s?ValX2«lys Ly s P«« troh i sA rgH i & Ar g Ly $ As pG 1 y \r g£j rty r V a 1 



A^CGACTTTACCrTAUJ^ A\AT?v AAA 2TTTA5 AA.KTv ACAGAA^Cr^vS AAA C ™ AAA S * ? 
1 1 fcAsp Ffc&Th r Lexsi ysG I uX 1 eG 1 nSe L L&^G 1 %iHs tTh r 3; ^n^e GluTft c Lys 



55 8 GATSG CAAACAAC CGCAAGm ATCTCTAATCCrrTCCCTcrr^Gfi AAATCACATTT7 ?^A & 
As pG ly Ly sG 1 nAl *G 1 r v a. 1 fyr Fr o As nAr-g Ph s ? re T^auTr p Ly s S e rH i s £>h <s A r q 



6<S ATTCATACCtTtGAACA^AA^TTGAA?^ 

: i e fi I sTh r Rj I yAs I u 1 i eOI ^ V* a 1 1 « G 1 f»<; 1 y Ls u£ I y ~y s s * rth rG I y ly s 



70S AAAGSAGGGATTTATCC^GAAATCAAkGCACCr^^ W 
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RgJb 

■» & 8 AtTflCTGCTS AAACGCTC AAA<JTCTTAAAAAAAT*.T<JCCTATe A?AAG AAAACCGArATG h 2 ~ 

1 1 aAl aX U 3 1 nth s L*u Ly s Va 1 Leu Ly stysTy I yTyrA s p Lys Ly sTft fAspH* t 

ValTy rU uc l hr hr«i« A« pPheAsjvS 1 u U« Ly s A r gl 1« LysTh r = 1 viLe « L* ^ro 

fits CAAATCMAArGGATTreAAATTACTTCAATT^ ? 

£ ir^He tGi yMs t Aspt*ti Ly s LauV a 5. G £ nl^y li ail &*i-y rcn r As pTr p Ly luTtsr 

C 1 nc 1 ta L> * a sp £> roty s & lyry rTr |>Va I AstnTy r As nTyr A* ?Tr ph* t*h* Ly * p ; o 

C^CAATQSCAfiAAGTOCrTAAAtATOCCMATOTTfiTrWCCCASSrTaGTATATCTTA i GS? 
C\ yAi*MatAl«5lteVJ! IValLyatTyrAl sAs^o lyvaiclyproa lyTfplytMstLeu 

1 OSS CreAATAAAGAACAATCCAAACCTGATAATA*^ ^ ? 7 

VftiAftnl.yBClsiOiaSftrLysPcftAs^nJiftValTyr^hrPx'i^uValLys-Slut*^ 

5 i 35 SOvrXA^VrAATSTSGAJyCTTC^^ 4 - p ^ 

AI slC- 1 nTy t xsnva I C I uV* iHisi roTy r Tfc V a 1 Arg Ly sAs p-A IjUj Fr< .« I ,1 ? 

HPS TTC^ACACCTAAATC^AATCTATSATCJrrTATYGU'TA.lAI CA3SCGC*AC\G0?<r A 1 2 a ? 
:>>,_- t x »'^V: ta uM\\^^Cli^-^TTA.»CrrAiC:^CT^ATO:J-^-v\A^.A,^\ , 12 - } 
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Fig.10 
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